Since the initial conditions for star formation are difficult to ascertain from either observations or theories of molecular clouds, we investigate how the proto stellar envelopes that form around young stars depend on the initial conditions for gravitational collapse. For prolate clouds, the evolution depends primarily on whether the cloud's minor axis, Rmin, is smaller or larger than the Jeans radius, RJ, the minimum radius to be gravitationally bound. Clouds containing few Jeans masses (especially those that are centrally condensed) have Rmin < RJ and thus collapse preferentially along the major axis, forcing the cloud to become oblate. Alternatively, clouds containing many Jeans masses have Rmin > RJ and therefore collapse preferentially along their minor axis, thus increasing their axial ratio and becoming more prolate. When collapse occurs preferentially along the major axis, a large-scale (up to l()4 au) flattened disc-like structure results as the infalling matter shocks in the equatorial plane. This pseudo-disc forms solely due to the hydrodynamical processes and without either magnetic fields or rotation. Based on these results, we deduce that the presence of prolate envelopes around young stars implies that they were formed from initial conditions involving many Jeans masses and were thus far from virial equilibrium. Initial conditions of this sort require a dynamical formation mechanism.
INTRODUCTION
Although much work has been ongoing to study the star formation process, through both theoretical and observational means, the question of the initial conditions for star formation has not been satisfactorily answered. The problem has so far been primarily investigated observationally by looking at molecular cloud complexes where star formation is ongoing (e.g. Blitz 1991 Blitz , 1994 Myers et al. 1991; Fuller 1994; Mundy 1994; Ward-Thompson et al. 1994) . These studies are limited by two main problems. First, there is the problem of resolving the density and velocity structure present. Secondly, and probably more importantly, there is the problem of timescales. Even if the structure that is observed does not represent a hierarchy of structure at smaller scales, it is not at all evident that this structure represents the appropriate initial conditions. This can be seen by dividing the cores into two groups: those with stars and those without. Obviously, the cores that contain stars have already undergone the gravitational collapse through which stars form. They have therefore lost their initial conditions. In cores where stars have not been found, we have no reason to believe they are going to form stars, and thus they may not represent the initial conditions for star formation. This problem is exacerbated when the lifetime of @ 1996 RAS these clouds is considered. The cores that are stable against gravitational collapse have essentially infinite lifetimes while those that are unstable towards collapse have lifetimes that are inversely proportional to the degree of their instability. Thus, the probability of observing cores that do not collapse is much greater than the probability of observing those that do.
On the theoretical side, the complexities involved in the dynamics of molecular clouds have precluded a thorough investigation. Molecular clouds are believed to be supported by a combination of thermal, turbulent and magnetic forces (e.g. Blitz 1994 ). Most observed structures are found not to be gravitationally bound and the question is how the cloud complex evolves to produce the appropriate initial conditions for star formation: gravitationally bound clumps which can then collapse to form stars. In general terms, there are two ways in which this can happen, slowly or quickly. If it is slowly, then a core is built up over many dynamical time-periods before it becomes gravitationally bound. If it is quickly, then the process occurs on a dynamical time-scale of the cloud or shorter. Examples of these processes are ambipolar diffusion which requires many dynamical time-scales to work (and does not include turbulent as well as magnetic support), and such dynamical processes as cloud-cloud collisions (e.g. Chapman et al. 1992 ) and magnetic reconnection (Lubow & Pringle 1996 ).
An alternative method to determine probable initial conditions is to use the remnants of the collapse process: the cores and envelopes that are observed around young stars. If we can determine dependences of the envelopes on the initial conditions, then observations of proto stellar envelopes can pinpoint probable initial conditions. The collapse of spheroidal systems was first considered by Lin, Mestel & Shu (1965) who looked at the pressure-free case. They found that, for systems that were initially non-spherical, the degree of non-sphericity grew during the collapse. Prolate clouds become more prolate and oblate clouds become more oblate. Hartmann et al. (1994) have investigated the collapse of a self-gravitating sheet. They found that the collapse forms a highly flattened structure without the aid of rotation or magnetic fields. In this paper, we investigate how the envelope of circumstellar matter around a young star depends on the initial conditions when gravitational collapse occurred. Specifically, we study the collapse of prolate cloud cores with varying density profiles and degree of gravitational instability.
The range of probable initial conditions for collapse is discussed in Section 2. Section 3 describes how the calculations were performed. The results are presented in Section 4 and a quantification of the evolution of the clouds' shapes is included in Section 5. The effects of central condensations are discussed in Section 6, while those of the boundary conditions, and rotation are discussed in Section 7 and Section 8, respectively. Section 9 discusses the implications of these results for the probable initial conditions of star formation and finally our conclusions are presented in Section 10.
RANGE OF INITIAL CONDITIONS
The range of possible initial conditions is very large, including density and velocity structure, how gravitationally unstable the cloud is, the importance of rotation and the shape of the cloud. Observations have repeatedly found that clumps and cores found in molecular clouds have complex shapes. In general, these cores are elongated, implying on statistical grounds that most of them are prolate (Myers et al. 1991) . Furthermore, the fragmentation of elongated clouds Nelson & Papaloizou 1993; Boss 1993 ) is a good method of forming binary and multiple systems. This is an important point as most stars are formed in binary or multiple systems (Duquennoy & Mayor 1991; Ghez, Neugebauer & Matthews 1993; Reipurth & Zinnecker 1993; Mathieu 1994) .
Velocity gradients in these cores have been measured by Goodman et al. (1993) . If these gradients are attributed to rotation, then rotation is generally not dynamically important in the cores and will not be until the collapse has increased the density by many orders of magnitude. This implies that rotation is, in general, not an important contributor to the formation of proto stellar envelopes and hence will be ignored for the majority of this paper. The effects of rotation are discussed briefly in Section 6.
The most commonly invoked initial density profile has P oc 1/r2, appropriate for a core formed by ambipolar diffusion. Unfortunately, the collapse of such a cloud with solid body rotation (due to the magnetic braking which accompanies the ambipolar diffusion) does not allow for fragmentation (Myhill & Kaula 1992) , and therefore cannot form any binary or multiple systems. The fact that these initial conditions preclude the existence of binary systems is sufficient reason to exclude them from this study. Density profiles with P oc 1/r can also be excluded for the same reason (Myhill & Kaula 1992; Boss 1987) . The reason that these initial conditions are inappropriate for fragmentation is easy to understand. The dynamical time-scale for a collapsing cloud varies as tdyn oc p-l/2. This means that regions of higher density collapse more quickly and pull away from regions of lower density. Regions further out in a collapse can therefore never catch up with regions that are interior, resulting in the unimpeded collapse to one central object. Hence, fragmentation, the formation of more than one self-gravitating body within the collapse, cannot occur.
Although power-law density profiles are inappropriate, some degree of central condensation can be expected. Boss (1987 Boss ( , 1993 has shown that Gaussian density profiles can fragment. We thus consider density profiles of the form:
where Ro and Zo define the cloud's minor and major axes (with Zo/Ro giving the axial ratio), and a is adjusted to give a varying degree of central condensation.
The final parameter that we need to set is the degree of gravitational instability, given by the Jeans number, the ratio of gravitational and thermal energies,
or equivalently, the number of Jeans masses MJ contained in the cloud when collapse commences. The Jeans mass, the minimum mass to be gravitationally bound, is defined as (e.g. Tohline 1982 )
J1
where P is the density, T the temperature, Rg the gas constant, G the gravitational constant and J1 the mean molecular weight. If the process that forms the initial conditions is slow compared with the dynamical time of the cloud (such as ambipolar diffusion) then we can expect the cloud to contain approximately one Jeans mass, whereas, if the process of core formation is quicker than the dynamical time, then multiple Jeans masses can be contained in the initial conditions. Thus, the range of initial conditions used here will concentrate on the degree of central condensation, varying from Pmaxl Pmin = 20 to Pm.xl Pmin = 1, and the number of Jeans masses, varying from M I MJ = 1 to M I MJ = 8, contained in the initial conditions. The clouds are assumed to·be prolate spheroids (with the uniform density cases becoming cylindrical) oflength 3 x 10 17 cm and axial ratios 2:1, 4:1 and 8:1.
CALCULATIONS
In order to investigate the dependence of the envelopes around young stars on the initial conditions of gravitational collapse, we have adapted a three-dimensional Smooth Particle Hydrodynamics (SPH) code to simulate the accretion of gas on to a sink-particle (Price, Bate & Bonnell 1996; Bate, Bonnell & Price 1995) . This code uses a common adaptation of the SPH equations (Benz 1990 ) with tree-code gravity ). The introduction of sink-particles allows the calculation to be followed much further in time by removing the time-step limitations of the gas that would otherwise approach near-stellar densities. This allows the simulation to follow not just the collapse, but also the subsequent accretion. The sink-particles are created once a region of a predefined size has enough mass to guarantee its collapse all the way to stellar densities. There are several other conditions that have to be met which basically ensure that a sink-particle is not erroneously created (Price et al. 1996) . A sink-particle has a fixed radius at which it accretes any infalling gas. This radius is set at Raee = 7.5 X 10 14 cm or ~ 50 au. Sink-particles can move freely in the cloud depending on the dynamics of the collapse and accretion process (cf. Bate et al. 1995) . In simulations where fragmentation occurs, multiple sink-particles can form and can subsequently merge once they come within Raee of each other.
The calculations were performed with 18 765 particles to ensure adequate resolution. In all cases, an isothermal equation of state was used. Constant volume boundary conditions were used for the majority of the simulations presented here, while several of the calculations were also performed using constant pressure boundary conditions (e.g. Price et al. 1996; Lattanzio et al. 1985) . This was done to investigate the effect of the boundary conditions on the results (see Section 7 below). Accreted particles had their mass, linear momentum and angular momentum added to the the sink-particle. They were then discarded from the simulation. The simulations were terminated when only ~ 10 per cent of the particles remained. The initial density profile was created by varying the mass of the particles rather than their positions. This maximizes the resolution even when little mass is left.
RESULTS
In all the simulations, the cloud initially collapses to form at least one protostar. Due to the non-homologous nature of the collapse, the protostar is formed with a relatively small mass and increases its mass by accreting from the infalling matter. Due to the initial conditions of the simulations, the infalling matter does not fall directly towards the sink-particle but forms an envelope around it. This matter is subsequently accreted over longer time-periods and a significant envelope persists for over several free-fall times of the initial cloud. The lifetimes of the envelopes are much longer than their freefall times because they are partially supported by pressure gradients and because they are constantly being replenished by the continuing infall.
The shape of the protostellar envelope depends primarily on the global dynamics of the collapse. If the cloud collapses primarily towards its major axis, then it will become more prolate. Alternatively, if the collapse occurs preferentially towards the equatorial plane, then the cloud will become less prolate and can even take an oblate shape.
The simulations can be divided into two rough groups depending primarily on the number of Jeans masses contained in the initial cloud. There is also a dependence on the degree of central concentration such that the simulations with a greater degree of central concentration evolve in a similar fashion to simulations with a lower degree of central concentration but with fewer Jeans masses. In terms of their initial conditions, clouds with fewer Jeans masses or that are more centrally concentrated are closer to virial equilibrium than those that contain many Jeans masses or have near-uniform density profiles. In the sections to follow, two simulations will be used to illustrate the differences. The simulation with few Jeans masses has initial conditions given by Jo = 1.56 and a central concentration of Pmaxl pmin = 20 giving M I MJ = 1.48. The simulation with many Jeans masses has Jo = 2.34, a uniform initial density and M I MJ ~ 4.04. Both cases have axial ratios of 2:1.
Clouds close to virial equilibrium
The simulations starting from initial conditions close to virial equilibrium (few Jeans masses and centrally concentrated) are representative of initial conditions that can be expected if the formation mechanism of the core is slow compared with the core's dynamical time.
These simulations start out by collapsing preferentially towards the equatorial plane (see Fig. 1 ). The reason for this is that, since they contain only a few Jeans masses, they do not collapse towards the major axis. Basically, there is not enough mass perpendicular to the major axis to initiate the collapse in that direction. An easy way to understand this is through the Jeans radius, the minimum radius for a gas cloud of given density and temperature to collapse. The Jeans radius scales as
For a spherical cloud that is just unstable to collapse, its radius has to be greater than the Jeans radius. For an elongated cloud of two Jeans masses with an axial ratio of2:1, the Jeans radius is approximately the cloud's radius along its minor axis. This means that it is at best marginally unstable to collapse towards the major axis while there are many Jeans radii of matter in the direction of the equatorial plane. Clouds with fewer Jeans masses will thus be stable against collapse towards the major axis. This effect is increased if the cloud is centrally condensed (see Section 6 below).
The collapse continues preferentially towards the equatorial plane. This reduces the prolate elongation of the cloud until it assumes a near-spherical shape. The density increases in the central region until enough mass has accumulated within Raee of a central particle that the Jeans radius (at that density and temperature) is less than Race. Once this condition has been met, a sink-particle is created which accretes the infalling matter within Race. Concurrently, the rest of the gas continues to fall either directly towards the sink-particle or generally towards the equatorial plane. Once this matter reaches the equatorial plane, it interacts and shocks with the matter infalling from the other side of the cloud. This shock, and the pressure from the continued infall behind the shock, forms an oblate envelope around the protostar. These structures are large-scale pseudo-discs (see Fig. 1 ), extending out to the cloud's minor axis (up to 104 au). They resemble what one would expect for a collapse with large amounts of rotation, but are not rotationally supported as no rotation is included in the initial conditions. These envelopes persist for significant time-scales due to the continued infall of the matter on to them from the further parts of the cloud.
Clouds far from virial equilibrium
Clouds that are far from virial equilibrium contain many Jeans masses and therefore do not follow the same evolution as described above. In general, as they are far from virial equilibrium and need to be formed on comparable or shorter time-scales than the cloud's dynamical time-scale, they need not be greatly centrally condensed.
Since many Jeans masses are contained in the initial conditions, the Jeans radius is smaller than the cloud's minor axis and hence the collapse can proceed both towards the major axis and towards the equatorial plane. The collapse resembles more closely· the pressure-free collapse of prolate spheroids (Lin et al. 1965) . In this case, the collapse towards the major axis proceeds faster than that towards the equatorial plane. This makes the cloud increasingly more prolate as it collapses (see Fig. 2 ). Once the collapse has proceeded far enough to form a spindle along the major axis, the cloud can fragment into several self-gravitating bodies Bonnell et al. 1991) . Each fragment forms its own sink-particle; these particles continue to accrete from the infalling matter as they fall towards each other in the centre of the cloud. Sinkparticles are forced to merge whenever they come within Race of each other. By the time they have all merged at the centre of the cloud, they have also accreted most (i.e. 65 per cent) of the cloud's initial mass. The remaining matter still forms a prolate envelope (see Fig. 2 ) and continues to fall towards the cloud centre. As it reaches the cloud centre, it shocks with matter falling in from the other side of the cloud, in a similar fashion to the clouds that collapse from initial conditions near virial equilibrium. One important difference is that this matter is initially more prolate and concentrated towards the cloud's major axis. The oblate envelope that results from this shock interaction is thus not as large as in the previous case. Furthermore, by the time an oblate envelope forms, most of the mass has been accreted. At all times, however, the overall shape of the cloud remains prolate (see Section 5 below).
PROLATE VERSUS OBLATE
In order to compare the proto stellar envelopes with potential (future) observations, it is important to quantify the evolution of the cloud's shape (prolate or oblate) as a function of time and its mass. The cloud's shape can be calculated by comparing the moments of inertia as a function of the mass. In order to do this, we calculate where V is the volume of gas with density greater than a specified amount. This is done by summing over the SPH particles, sorted by decreasing density. Thus, low masses contain only the highest density regions, which are more central, while larger masses represent larger regions with lower mean densities. In Figs 3 and 4 we plot the cloud's eccentricity, calculated as the ratio of I z and I" as a function of the mass in gas for the same simulations as in Figs 1 and 2 , respectively. The mass is plotted as a fraction of the total mass contained in the initial conditions. As the collapse proceeds and a sink-particle is created, the mass in gaseous form decreases due to the accretion of particles on to the sink-particle. Thus, later curves do not extend up to the total mass of the system. The maximum mass plotted at each time denotes the mass remaining in gaseous form, and the difference between that and the total mass of the system is the mass contained in the sink-particle(s).
In both Figs 3 and 4, the eccentricity is initially equal to 2 throughout the cloud. Fig. 3 shows how the collapse of a centrally condensed cloud with only a few Jeans masses quickly loses its prolate shape and becomes oblate. As the collapse occurs preferentially towards the equatorial plane, it passes through a quasi-spherical shape where IzIIr ~ 1 and, due to the velocities being parallel to the major axis, continues towards the equatorial plane, becoming oblate. Even before the collapse attains high enough density to form a sink-particle, the cloud's shape is oblate at all scales. The cloud continues to flatten during the collapse with the higher density regions being more oblate than the lower density regions. ...., becomes maximally oblate when the gas infalling from both sides shocks at the equatorial plane. The flattened disc-like structure that forms from this hydrodynamical interaction has an axial ratio that approaches 0.01:1. The small discontinuities in the eccentricity-mass plot are due to sampling gas at similar densities at spatially different locations. For example, some parts of the oblate disc have similar densities to the infalling prolate envelope. Sampling between the two makes the functions seem discontinuous. The corresponding curves of the eccentricity versus mass for the simulation far from virial equilibrium are included in Fig. 4 . In this simulation, since the cloud contains many Jeans masses, the collapse occurs preferentially towards the major axis. This increases the prolate elongation of the cloud until the axial ratio is in excess of 100:1 at the highest densities. At this point, the cloud fragments and the many sink-particles that form fall towards each other and the equatorial plane, decreasing the degree of prolate elongation. Once they have merged at the centre of the cloud, the rest of the cloud matter continues to fall towards the equatorial plane. This matter does not have a high axial ratio since little mass now remains along the major axis exCept for that contained in the sink-particle at the cloud's centre. The infalling matter is thus quite broad in its extent parallel to the minor axis. This allows it to interact and shock with the matter falling from the other side of the cloud, forming, as before, a flattened disc-like structure. Fig. 4 shows how this happens only for a small amount of mass, and that integrating over the entire envelope still shows an overall prolate shape.
In Figs 3 and 4, we see that the envelopes' eccentricity seem to be converging at late times to quasi-spherical outer shapes with inner oblate pseudo-discs. At such late times, when only a small amount of gas is left to be accreted (Mg•s < O.OIMsystem), it would thus be hard to differentiate between the possible initial conditions. It is therefore essential to catch systems with a fair fraction of their total mass in the form of gaseous envelopes to distinguish their appropriate initial conditions.
EFFECTS OF CENTRAL CONDENSATIONS
A certain degree of central condensation can be expected in molecular cloud cores, especially if these cores are close to virial equilibrium. Centrally condensed clouds evolve as if they, effectively, contained fewer Jeans masses. Thus, centrally condensed prolate clouds are more likely to develop into oblate envelopes than are less centrally condensed clouds. This occurs because the Jeans radius increases as the density decreases with distance from the cloud centre. The cloud is then increasingly stable against collapse towards the major axis. Once the minor axis is smaller than the Jeans radius, collapse does not occur towards the major axis and the cloud can only collapse towards its equatorial plane. For mOre prolate clouds, this effect is even more pronounced as significantly more Jeans masses must be contained in the cloud before the Jeans radius is smaller than the cloud's minor axis.
For clouds that are intermediate in their initial conditions, the. evolution is a combination of the above. For example, if the cloud has a sufficient number of Jeans masses that, along with its central concentration, it has a Jeans radius in the equatorial plane that is smaller than the cloud's minor axis, then collapse towards the major axis is possible near the equatorial plane. Meanwhile, at other places in the cloud, the Jeans radius is greater than the cloud's minor axis and collapse towards the major axis is not possible. In this case, the cloud becomes more prolate at the highest densities while it becomes less prolate and even oblate at all other densities. This transient feature at the highest densities may allow for fragmentation (e.g. Boss 1993) but does not affect the overall mass distribution in the envelope.
In general, the degree of central concentration along with the number of Jeans masses contained in the cloud determines where along the major axis the Jeans radius is equal to the minor axis. This delineates the point where, interior to it, the collapse occurs preferentially towards the major axis, increasing the cloud's prolate elongation. Exterior to this point, collapse towards the major axis cannot proceed and the collapse occurs towards the equatorial plane, decreasing the prolate elongation of the cloud.
EFFECTS OF THE BOUNDARY CONDITIONS
The calculations mentioned so far have used constant volume boundary conditions. This means that no matter can flow across the boundary and that, as the collapse proceeds, the pressure at the outer edge of the cloud drops to zero. In reality, molecular cloud cores are not in isolation but are a part of a larger molecular cloud complex. It is therefore not obvious that constant volume boundary conditions are the most appropriate. Other possible boundary conditions are that of a constant pressure boundary, where the external medium is assumed to exert a constant pressure at a movable boundary, and a constant density boundary where matter is free to flow in or out of the region of interest. The problems with the last option (besides technical) are that it assumes a definite distribution of matter outside the region of interest and that this distribution is unaffected by the collapse itself. An extreme case of this would be if the cloud were embedded in a long filament. This case is similar to the collapse of a prolate cloud with a larger axial ratio (more elongated). The cloud must then contain many more Jeans masses if it is to maintain a prolate envelope during the accretion process. Otherwise, collapse will occur only towards the equatorial plane and the prolate structure will be lost by the time a protostar is formed.
Alternatively, constant pressure conditions, although allowing no flow of mass through the boundary, allow this boundary to move and thus mimic the effects of an external medium on the simulation. Thus, the two simulations presented in Figs 1 and 2 were redone with constant pressure boundaries, the pressure being adjusted to match the pressure of the cloud at the boundary. The effect of these boundaries is to accentuate the differences between the two evolutions. This is because constant pressure boundaries 'push' the areas that are collapsing, and hence have decreasing pressures near the boundary, while not affecting the areas that are not collapsing, as these have unchanged pressures. For clouds with few Jeans masses, the collapse towards the equatorial plane is enhanced due to the constant pressure boundary, accelerating the evolution towards an oblate envelope, while the boundary has the opposite effect on the cloud with many Jeans masses, making the envelope even more prolate. We can therefore safely assume that the conclusions of this paper will not be significantly dependent on the choice of boundary conditions used.
Observations of velocity gradients in molecular cloud cores find that, if these gradients are due to rotation, then these objects are rotating quite slowly (Goodman et al. 1993) . This is quantified by calculating the ratio of the rotational and gravitational energies,
I Egrav I Estimates of P for these clouds have a mean value of Pmean ~ 0.01. Although this implies that rotation does not playa major role in the dynamics of the overall collapse and the formation of the protostellar envelope, we discuss here how the presence of rotation can perturb the above results.
To determine the effects of rotation on the formation of protostellar envelopes, it is first necessary to specify the axis of rotation. If the rotation is around the major axis, then it will act to deter the collapse towards the major axis. This mimics the effects of having a lower number of Jeans masses in the cloud and hence encourages the cloud to become oblate. If, on the other hand, the rotation is around the cloud's minor axis, then it will not impede the collapse towards the major axis but only that towards the minor axis. This can make the envelope appear elongated in the direction of the cloud's major axis if viewed perpendicular to that axis and to the axis of rotation. At most orientations, however, a rotationally supported envelope will not appear very elongated and should not be confused with a genuinely prolate envelope. Furthermore, the extent of this elongation will correspond roughly to the centrifugal radius at which point rotational support can stop the collapse, Reent ~ PRo. Thus, few clouds will have large-scale rotationally supported envelopes.
Alternatively, it should not be forgotten that some amount of rotation (although dynamically insignificant on the scale of the protostellar envelope) is required for the formation of a central binary or multiple system. In fact, the presence of angular momentum in the initial cloud would help ensure the survival of some of the fragments formed in the collapse of the cloud containing many Jeans masses (Fig. 2) . The resultant small cluster might then affect the dynamics of the envelope, especially if any of the components are ejected and manage to carry some of the gas off with them.
IMPLICATIONS
There are several important implications of these results which we will discuss here. First of all, it is evident from the above simulations that there are fundamental differences in the shape of protostellar envelopes that depend primarily on the number of Jeans masses contained in the initial cloud (and on its initial shape). Assuming an initial prolate shape for the cloud, protostellar envelopes that form from initial conditions involving many Jeans masses remain prolate while those that form from initial conditions involving few Jeans masses become oblate. The major implication of this is that cloud cores that collapse from initial conditions close to virial equilibrium are not expected to have prolate envelopes. Myers et al. (1991) found that most cores, with or without young stars, were elongated in shape and that the degree of elongation is better explained by a prolate rather than an oblate object. This is because, statistically, one expects to see most oblate objects at some angle other than edge-on so that they do not appear as elongated as do prolate objects. Therefore, the finding that young stars are commonly surrounded by prolate envelopes implies that their initial conditions deviated significantly from virial equilibrium. A further implication of this is that the collapse of prolate clouds containing many Jeans masses is highly unstable to fragmentation Bonnell et al. 1991; Burkert & Bodenheimer 1993 ). These initial conditions should therefore result in the formation of small groups of stars. This agrees well with the study of Gomez et al. (1993) who find that most young stars in Taurus are found in groups of five to ten stars. Cloud cores that contain many Jeans masses cannot have formed from a slow process but require a dynamical formation mechanism. Such a mechanism could be cloud--cloud collisions if the support was mostly thermal or magnetic reconnection if the support was from a combination of magnetic fields and turbulence (Lubow & Pringle 1996) .
The above results show that the hydrodynamical collapse of prolate douds can form oblate envelopes. These structures are comparable to the disc-like structures that Galli & Shu (1993) find can result in the collapse of an initially magnetically dominated' cloud. IIi the magnetic case, it is the magnetic field lines which impede' the collapse towards one of the axes. We have seen here that pressure gradients combined with a cloud's non-spherical shape can also impede the collapse towards one of the cloud's axes. Furthermore, Hartmann et al. (1994) have shown how the collapse of an initially sheet-like cloud results in the formation of a highly flattened envelope. These results show that hydrodynamical effects alone are capable of forming large disc-like structures without recourse to either magnetic fields or large amounts of rotation. These disc-like structures are formed without any rotational support and therefore will not show any evidence of rotation. Instead, the velocities are primarily radial. Continued infall on to the disc-like structure will continue to have a velocity component parallel to the cloud's major axis.
CONCLUSIONS
We find that the shape of a proto stellar envelope that forms around a young star due to the collapse of a prolate cloud depends primarily on the number of Jeans masses contained in the initial cloud, or equivalently on whether the cloud's minor axis is larger or smaller than the Jeans radius. A secondary dependence exists on the degree of central concentration. Clouds with few Jeans masses, especially those that are centrally condensed, and hence with Rmin < R], collapse primarily towards the equatorial plane. They quickly lose their prolate initial shape and develop into an oblate envelope. Large-scale disclike structures form in these envelopes due to the interaction and shocking of gas that is falling in from different sides of the cloud. These structures are formed entirely due to the hydrodynamics of the collapse and do not require either magnetic fields or rotation.
Clouds that collapse from initial conditions involving many Jeans masses, and hence with Rmin > R], collapse preferentially towards the major axis. This increases the cloud's axial ratio and ensures that the resultant protostellar envelope remains prolate. Inside this prolate envelope, a flattened disc-like structure forms as above. These results, combined with observations of prolate envelopes around young stars, imply that these stars were formed from initial conditions far from virial equilibrium. Furthermore, these initial conditions are unstable to fragmentation and will form small groups of stars as is found observationally in Taurus (Gomez et a1. 1993 ). The conclusion from all this is that the initial conditions must have been formed by a process with a time-scale shorter than the cloud's dynamical time so that collapse is not initiated before many Jeans masses are present. Such a mechanism could be the reconnection of magnetic field lines in a turbulent and partially magnetically supported cloud (Lubow & Pringle 1996) , or cloud-cloud collisions with shock-induced cooling in the case of a purely thermally supported cloud (Chapman et a1. 1992) .
